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Abstract 
China’s primary energy consumption structure is primarily dominated by coal, and due to the excessive dependence 
on coal, China is facing enormous pressure in improving the power generation structure and enhancing clean energy 
utilization. There is growing recognition that, as the efficient clean energy, the higher proportion of natural gas plays 
an important role in improving the energy structure and carbon mitigation. This paper briefly introduces the current 
situation of carbon trade in power sector, and proposes an analytical model of gas power generation projects 
considering the carbon emission reduction value. For the integrated analysis presented in this article, we used the 
software of RETScreen to evaluate the economic benefit of the projects’ carbon emission reduction and conduct the 
cost-benefit analysis in the whole life cycle. The sensitivity analysis and Monte Carlo risk assessment are performed 
on the net present value (NPV) of the project. Through the algorithm analysis, the economic efficiency of gas power 
generation projects is significantly influenced by the natural gas price and on-grid price. Moreover, the impact of 
government policy on projects is also demonstrated and some feasible policy suggestions are proposed.  
Keywords: Natural gas power generation, carbon emission reduction value, economic analysis, policy suggestions  
1. Introduction  
China’s energy structure, mainly dominated by coal power, has caused serious environmental pollution 
and aroused growing concern. In November 2009, Chinese government was committed to reducing carbon 
dioxide emission per unit of Gross Domestic Product (GDP) by 40 to 45 percent by 2020, from the level of 
2005. With the major trend of energy saving and emission reduction, as a high-quality and clean energy 
source, natural gas has been taking an increasingly significant role in promoting the diversification and 
optimization of the energy structure, and achieving the emission reduction target. It is officially reported 
that gas consumption for power generation accounted for 25% of total gas consumption in 1971 and 33% 
in 2000 approximately, and is expected to reach 50% by year 2030[1]. 
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At present, there are still some disputes on the economic efficiency of gas-fired power generation. 
Some researchers performed a number of experiments to verify the advantages and benefits of gas power 
generation, characterized by low investment cost, short construction time, high efficiency and environment 
friendliness [2-6]. In contrast, others argue that gas power generation is not only restricted by fuel supply, 
but also less competitive in the power sector due to much higher fuel cost. At present, there has been quite 
limited research on the environmental benefits of gas-fired power generation. Suk-Jae Jeong [7] compared 
the carbon emission cost between coal-fired and gas-fired power plants, from the view of carbon tax. Zhou 
Hao [8] monetized environmental impact of gas power generation with the application of environmental 
economics theory. 
In the traditional assessments, related software is seldom utilized to evaluate the environmental benefits 
of gas-fired power generation, only with calculating the environmental impacts for each unit of electricity 
after the project actually initiates, rather than investigate beforehand. Hereto, the decision-making 
requirement of investors could not be fully satisfied. With the development of carbon trade and the energy-
saving generation dispatching mechanism in China, the traditional evaluation techniques are limited in 
applications. In the following, therefore, we propose the analytical model to evaluate the economic 
efficiency of gas power generation projects. 
In order to cope with global warming actively, many countries have been engaged in the undertakings 
of carbon emission trading mechanism in many aspects [9-11]. Likewise, quite a few scholars have carried 
out a series of researches on the introduction of the carbon trading system in China, especially in the power 
sector [12-13]. 
According to Kyoto Protocol, carbon trading program is a form of emission trading that specifically 
targets carbon dioxide in an attempt to mitigate climate change [14]. As the largest developing country, 
China hasn’t taken the obligation of emission-reduction commitments, but China has already been 
regarded as the most promising carbon trading market in the world. Up to the end of 2008, the volume of 
Certification Emission Reduction (CER) created by China’s Clean Developing Mechanism (CDM) 
projects accounted for 84% of the world’s total, ranking first. 
Carbon trading is one of the most effective market-based instruments to reduce carbon emission in 
power sector, which can coordinate the relationship between power construction and carbon reduction. 
First and foremost, the introduction of carbon trading program will effectively guide generation enterprises 
to adopt environmental factor into balance sheet, thus the cost ratio between different forms of generation 
would begin to change, and advanced generation technology will gain more competitive advantages. 
Furthermore, the way of market transaction could make the marginal cost of different generation 
enterprises tend to coincident, so as to reduce the integral emission reduction cost.  
In view of the growing trend home and abroad, China will absolutely be compelled to join in the 
mandatory cuts of greenhouse gas. As one of the largest emission industries, power industry is confronted 
with grim situation in energy-saving and emission reduction [15]. Therefore, generation enterprises are 
supposed to take relevant measures. China maintains a huge potential for carbon trade market and clean 
energy generation, like natural gas, will bring considerable economic value.  
2. Economic analysis of gas power generation projects 
2.1RETScreen 
RETScreen, a type of clean energy project analysis software, is developed and provided by Canada 
Centre for Mineral and Energy Technology (CANMET). RETScreen can be utilized worldwide to assess 
the energy production, energy savings, costs, emission reductions, financial viability and risk for various 
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types of clean energy. Besides, large and organized databases of reference cases, global climate and 
products are included.  
2.2Analytical model 
In the analytical model of gas power generation project economic analysis, we need to enter the 
following information: project name, location, type, techniques, grid type, analysis type, thermal 
parameters, currency type, and select the climate and information from the climate database.  
The setup of system parameters begins with setting the units usability, i.e. on-grid hours, followed by 
the selection of unit parameters, fuel type, and the setting of on-grid price. On the basis of these data, we 
can obtain the on-grid energy. 
As illustrated in Figure. 1, the analytical model is applicable to the economic analysis of the gas power 
generation projects considering the carbon emission reduction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1  Flow-process diagram of natural gas power generation project economic analysis 
1) Environment benefit analysis 
As regards environment benefit analysis, i.e. carbon reduction benefit in this paper, various 
corresponding system parameters of base case electricity system must be set and elaborated, including 
country or region, fuel type, emission factor, transmission and distribution loss. Moreover, emission 
reduction trading price, trading fee, trading duration and increasing rate are required in the model. 
From the above parameters, a comparison of emissions between base case and oriented gas power 
generation project could be conducted, thus the carbon emission reduction is obtainable. Consequently, we 
obtain the carbon emission reduction income from annual net carbon reduction and its trading price.  
2) Financial analysis 
In the financial analysis, the technique of Life-Cycle Costing (LCC) is applied.  
( )LCC C M R S= + + -            （1）
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C —— Project construction cost 
M —— Maintenance cost 
R —— Repair Cost 
S —— Salvage 
For the expense in Year n, the discount coefficient is as follows: 
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i referring to discount rate. 
3) Sensitivity and risk analysis 
a)  Sensitivity analysis 
The initial capital investment and operating cost of gas power generation projects are relatively low; 
hence, the economic efficiency depends almost solely on the gas price. Besides, it is also partially relevant 
to unit capacity, cycle thermal efficiency, operating pattern, annual service hours, capital structure, loan 
interest rate, etc. 
In June 2010, National Development and Reform Committee raised the base gas price by 230 Yuan per 
cubic meter, and promoted the gas price policy. Similarly, in the generation sequence provision of Energy-
saving Power Generation Dispatching Approach (on trial), gas-fired power generation precedes coal-fired 
and oil-fired power generation. Therefore, the on-grid hours and energy of gas power generation can be 
considerably guaranteed. 
With the carbon reduction benefit taken into account, the gas price, on-grid price, on-grid hours and 
CER price are determined to be the four uncertain factors to perform the sensitivity analysis on net present 
value (NPV).  
b)  Risk analysis 
There are some uncertain factors in the projects, with every possibility of jeopardizing the beneficial 
result and effectiveness, so investors are more concerned about identifying and mitigating risk factors.  
For this model, risk analysis indicators consist of after-tax internal rate of return (IRR)—for equity, 
after-tax IRR—for debt, equity payback and NPV. As to each indicator, it requires users to set a valid 
range. Subsequently, we employ the Monte Carlo Simulation Method, based on the estimated value of risk 
factors, to perform the analysis. Provided all the factors vary in the given range separately and 
simultaneously, the fluctuating distribution of risk factors can be computed. 
To perform a risk analysis in the model, the parameters demanded comprise initial cost, operation and 
maintenance expense, fuel cost, on-grid price, CER price, net carbon reduction-credit duration, debt ratio, 
debt interest rate and debt term.  
4) Policy influence analysis 
a) Preferential tax effect on natural gas power generation project 
Provided a set of preferential tax policies are set out, i.e. value-added tax refund after collection or 
direct refund for natural gas import, gas price will decrease correspondingly. Reducing the income tax of 
gas power generation projects will also enhance its competitiveness. 
b) Desulphurization price effect on natural gas power generation project 
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In China, the coal-fired power units with desulphurization equipment can enjoy an environmental 
subsidy on the basis of on-grid price, around 1.5 fen per kilowatt-hour. Based on the calculation of 
environmental protection value, gas power generation can create the carbon reduction benefit equaling to 
1.6 fen per kilowatt-hour and the comprehensive environmental protection benefit of 7.3 fen per kilowatt-
hour. Supposing that gas power generation can enjoy the similar preferential treatment or partly transfer the 
burden to end-users, it will positively promote the sustainable development of natural gas industry. 
3. Case study 
3.1Background introduction 
In China, Shenzhen is the city which has substantial demand for gas power. In this section, we use the 
data of a typical gas power plant to make economic analysis. The parameters used in calculation are listed 
in TABLE 1.  
Table  1 Basic Parameters of Gas Power Plant in Shenzhen 
Item Value Item Value 
Capacity (MW) 2*180 Material fee (Yuan / MWh) 3.21 
Specific investment (Yuan /kW) 3300 Water fee (Yuan /MWh) 0.35 
Percentage of own fund 30% Other fees (Yuan /MWh) 3 
Annual interest rate  5.94% Plant-use electricity rate (%) 2.5 
Residual value rate (%) 5 Income tax rate (%) 33 
depreciable life  (year) 15 Welfare fee index (%) 57 
Repair fee (104 Yuan /2 years) 8000 Gas price (RMB/m3) 2.5-3 
Employment (person) 200 Calorific value of gas (Kcal/m3) 7950 
Annual average wage (104 Yuan /person) 6.4 Specific gas consumption  (m3/kWh) 0.2-0.24 
3.2Environment benefit analysis 
When calculating the GHG reduction benefits, the coal-fired power generation in China is set as the 
base case electricity system, with GHG emission factor equaling 0.893tCO2/MWh and Transmission & 
Distribution loss 2%. Assuming there is no transaction fee for GHG trade, CER price is 70 Yuan/tCO2, 
with the growth rate of 0.5% and trading duration of 25 years. The annual carbon emission reduction and 
its value of Shenzhen natural gas power generation project are indicated in TABLE 2 and TABLE 3.  
Table 2  Gas power Generation Emission Reduction 
No. Item 
Base Case Electricity 
System 
Gas Power Generation 
Project 
1 Country/ Region China Shenzhen 
2 Fuel Type Coal Natural Gas 
3 
GHG emission factor 
(tCO2/MWh, excl. T&D) 
0.911 0.179 
4 GHG emission (106tCO2) 1.41 0.64 
5 
Net annual GHG emission 
reduction (106tCO2) 
0.78 
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Table 3 Gas power Generation Emission Reduction Value 
No. Item Unit Value 
1 Net annual GHG reduction 106tCO2/year 0.78 
2 Net GHG reduction-25yrs 106tCO2 19.41 
3 GHG reduction credit rate Yuan/tCO2 70.00 
4 GHG reduction income 106Yuan 54.34 
5 
GHG reduction credit 
duration Year 25 
6 Net GHG reduction-25yrs 106tCO2 19.41 
7 
GHG reduction credit 
escalation rate % 0.5 
3.3Financial analysis 
With carbon emission reduction benefit taken into consideration, the financial analysis of Shenzhen 
natural gas power generation project is obtained, described in TABLE 4. Figure.2 illustrates the 
accumulative cash flow of the project. 
Table 4 Gas power Generation Financial Analysis 
No. Item Unit Value 
1 Total annual costs 106Yuan 1085.06 
2 Total annual savings and income 106Yuan 1208.82 
3 After-tax IRR (equity) % 26.5 
4 After-tax IRR (assets) % 2.2 
5 Simple payback Year 5.9 
6 Equity payback year 3.2 
7 Net present value (NPV) 106Yuan 553.45 
8 Annual life cycle savings 106Yuan/year 43.05 
9 Benefit-Cost(B-C) ratio - 2.48 
10 Debt service coverage - 2.34 
11 Energy production Yuan/ MWh 706.95 
12 GHG reduction cost Yuan/tCO2 55 
 
 
 
 
 
 
 
 
 
Figure 2 Gas Power Generation Cumulative Cash Flows  
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The preceding financial analysis indicates that the after-tax IRR for both equity and asset, NPV and 
other indicators turn out to be unsatisfactory. From the cumulative cash flow graph, it could be more 
visually demonstrated that economic viability doesn’t perform well. 
3.4Sensitivity analysis 
NPV is taken as the indicator in this case, performing the sensitivity analysis of natural gas price, on-
grid price, on-grid hours and CER price. The variation ranges are set as ±10%,±20% and ±30% of the 
estimated value. 
Table 5 Gas power Generation Sensitivity Analysis (108 Yuan) 
Variables 
 
Change rate 
Gas 
Price 
On-Grid 
Price 
On-Grid 
Hours 
CER 
Price 
-30% 29.99 -37 -3 3.97 
-20% 21.92 -22 0.21 4.5 
-10% 13.8 -6.9 2.93 5.02 
0 5.53 5.53 5.53 5.53 
10% -3.96 15.8 8.09 6.05 
20% -15.89 25.9 10.62 6.57 
30% -27.81 35.9 13.13 7.08 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3 Single factor sensitivity analysis on NPV 
From TABLE V and Figure.3, it could be figured out that NPV of gas power generation projects is 
most sensitive to gas price and on-grid price, while less to on-grid hours and CER price. With the decrease 
of gas price and increase of on-grid price, NPV moves from positive to negative and the economic 
efficiency turns for the better. 
3.5Risk analysis —— Monte Carlo Simulation 
The project net present value is the economic indicator, based on which risk analysis is conducted. In 
this model, all the parameters are assumed to range from -10% to +10%, including initial cost, operation 
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and maintenance expense, fuel cost, on-grid price, CER price, net carbon reduction-credit duration, debt 
ratio, debt interest rate and debt term. The frequency of net present value variation is illustrated in Figure. 4. 
Relative effects of different parameters on net present value are shown in Figure.5.   
 
 
 
 
 
 
 
 
 
Figure 4 Frequency distribution histogram of NPV 
As the histogram above shows, when the degree of risk is at 20%, the NPV median is -464.67 million 
Yuan, NPV minimum confidence -1.31 billion Yuan, NPV maximum confidence 205.68 million yuan. 
From the frequency distribution graph, the NPV of -385.68 million Yuan is the highest frequency.  
 
 
 
 
 
 
 
 
 
 
Figure 5 Tornado Graph of risk factors influences on NPV 
From the above tornado diagram, i.e. relative effects of parameters on NPV (standard deviation), NPV 
of gas power generation projects is most influenced by on-grid price and fuel cost, followed by operation 
and maintenance expense, initial cost, net carbon reduction-credit duration and CER price.  
In this case, the economic feasibility of this project proves unsatisfactory, even taking carbon reduction 
value into account. What lies behind is that gas price directly determines fuel cost, which is in agreement 
with the sensitivity analysis results in 4.4 that on-grid price and fuel cost significantly affects NPV. 
3.6Policy influence analysis 
The influences of government support policies on the economy of Shenzhen natural gas power 
generation project are divided into two general categories: 
(1) Preferential tax effect on natural gas power generation project 
With income tax rate of gas power plants decreasing to 17%, on-grid price can reduce by 0.02 Yuan/ 
kWh, thus NPV will increase, as shown in Table 6.  
(2) Desulphurization price effect on natural gas power generation project 
To encourage the environmental value, gas power plants will receive 1.5 fen subsidies for per unit of 
electricity, which will positively affect NPV, as shown in Table 6. 
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Table6  Preferential policies effect on gas power generation economy 
Variables 
NPV (108 
Yuan) 
NPV Increase 
(108 Yuan ) 
NPV Change 
Rate (%) 
Income Tax Rate down to 17% 6.71 1.18 21.3% 
Desulfuration tariff credit  
1.5 Fen/kWh 
7.63 2.10 37.9% 
Vary Together 9.24 3.71 67.0% 
4. Policy suggestions on natural gas power generation market 
In this section, to encourage the utilization of clean natural gas and improve the energy consumption 
structure of China, a set of policy recommendations are given with special regard to gas power generation 
industry. 
4.1Short-term market mechanism for gas powergeneration projects 
Owing to the high gas price and correspondingly high on-grid price, gas power generation projects 
should be given priority of fiscal subsidies. Whereas, subsidies should be employed to attract foreign and 
domestic investments, other than giving rise to the excessive dependence on subsidies and killing the 
initiatives of gas power generation development. Therefore, fiscal subsidies could only be proved short-
term market mechanism, aiming to mitigate the uncertainties in investment and create a stable economic 
environment for investment promotion, instead of covering enterprise losses. 
4.2Long-term market mechanism for gas power generation projects 
5) Preferential gas price 
Gas-fired power plants are of great value in respect of natural gas peak load regulation, which could 
take the place of gas storage facility. From the sensitivity analysis, net present value is extremely sensitive 
to gas price, hence preferential gas price can definitely promote the development of gas power generation 
projects. 
6) Peak hour price implementation 
China has not adopted time-of-use (TOU) electricity price mechanism, i.e. there is no price difference 
between peak and valley period, thus gas-fired power generation proves to be less competitive than coal-
fired generation. Peak-and-valley price implementation represents the value of gas power generation for its 
contribution to peak load regulation and operation reliability. From the sensitivity analysis, net present 
value is also very sensitive to on-grid price, so Gird Corporation paying the peak hour price for gas-fired 
power plants will provide a supportive channel for the rapid strides of gas industry in China. 
7) Preferential tax policy 
If gas power generation could enjoy the preferential policies for value-added tax on imports and 
generation projects income tax, such as tax deduction or Exemption, the gas price will decline accordingly 
and the competitiveness will be enhanced. 
8) Desulphurization price 
Compared with coal-fired power plants, gas power generation is in possession of considerable 
environmental benefits, discharging far less noxious pollutants. If gas power plants could enjoy 
desulphurization price as well as coal-fired power units equipped with desulphurization facilities, 
generation cost will be substantially reduced. 
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5. Conclusions 
As one of the most promising energy resources in the future, natural gas proves to be of great 
significance in the energy system over the world. This paper firstly introduces present situation of carbon 
trade in power sector and proposes an economic analysis model of gas power generation projects, with the 
software of RETScreen adopted and carbon emission reduction value taken into account. We evaluate the 
economic benefits of carbon mitigation and perform the cost-benefit analysis for the whole life cycle. The 
sensitivity analysis and Monte Carlo risk assessment are conducted on the net present value of gas power 
generation projects. Through the algorithm analysis, the economic efficiency of gas power generation 
projects is mainly affected by gas price and on-gird price. The economic analysis model of gas power 
generation projects considering carbon emission reduction can assist the national energy and environmental 
protection department in precisely evaluating the carbon mitigation value of gas power generation and 
understanding gas power generation market. Last but not least, the model is also proposed to provide 
preference for investors to make rational investment in clean energy market. 
Acknowledgment 
This research is financially supported by The National Natural Science Foundation of China (Project 
Number: 70771039) and New Century Excellent Talents of the Ministry of Education (Project Number: 
NCET-08-0771). 
References 
[1] IEA, IEA world energy outlook 2004. 
[2] Zhang H.Y. Market prospect of natural gas power generation [J]. China Energy, 2005, 27(12): 42-43. 
[3] Barry Naughten．Economic assessment of combined cycle gas turbines in Australia：Some effects of microeconomic 
reform and technological change[J]．Energy Policy，31(3)：225-245． 
[4] Dusan Gvozdenac，Christoph Menke，Pumyos Vallikul，et al. Assessment of potential for natural gas-based cogeneration 
in Thailand[J]．Energy，34(4)：465-475． 
[5] Jiang T.S. Economic analysis of natural gas power generation projects [D]. Tsinghua University, 2004. 
[6] Cui J.C., Fan B.Y., Shen Q.N. Technical economic analysis of natural gas power generation. Shanghai Electric Power, 2002, 
15(6): 3-8. 
[7] Suk-Jae Jeong，Kyung-Sup Kim，Jin-Won Park，et al．Economic comparison between coal-fired and liquefied natural gas 
combined cycle power plants considering carbon tax：Korean case[J]．Energy，33(8)：1320-1330． 
[8] Zhou H, Wei X.H. Environmental value of natural gas power generation [J]. Thermal Power Generation, 2003, 32(5): 2-7. 
[9] M. Grubb and K. Neuhoff. Allocation and Competitveness in the EU Emissions Trading Scheme: Policy overview [J]. 
Climate Policy, 2006, 6(1):7-30. 
[10] Bruce Lippke, John Perez-Garcia. Will either cap and trade or a carbon emissions tax be effective in monetizing carbon 
as an ecosystem service [J]. Forest Ecology and Management, 2008, 256(12): 2160-2165. 
[11] Fischer, C. Project-based mechanisms for emission reductions: balancing trade-offs with baselines. Energy Policy, 2005, 
33: 1807-1823. 
[12] Liu W.P., Dai Y.W. A review on the emission permits trade of carbon in China [J]. Problems of Forestry Economics, 
2004, 24(4): 193-197. 
[13] Yu T.F., Shen W.X., Huang X. Carbon emissions trading market analysis [J]. Forestry Economics, 2008, (5): 62-64. 
[14] Yu-Tzu Chiu. Russia and Canada to ratify Kyoto Protocol [J]. SPectrum, IEEE, 2002, 39(10): 22. 
[15] 2050 China’s energy and carbon emission research group. 2050 report on China’s energy and carbon emissions [M]. 
Beijing: Science Press, 2009 
